In previous studies, the relaxant effect of Tymus vulgaris has been demonstrated on guinea pig tracheal chains. Therefore, in the present study, the relaxant effects of n-hexane, dichloromethane, methanol and aqueous fractions of Tymus vulgaris on tracheal chains of guinea pigs were examined. The relaxant effects of four cumulative concentrations of each fraction (0.4, 0.8, 1.2 and 1.6 g%) in comparison to saline as negative control and four cumulative concentrations of theophylline (0.2, 0.4, 0.6 and 0.8 mM) were examined for their relaxant effects on precontracted tracheal chains of guinea pig by 60 mM KCl (group 1) and 10 µM methacholine (group 2, n = 7 for each group). In group 1, all concentrations of the n-hexane fraction and theophylline and three last concentrations (0.8, 1.2 and 1.6 g%) of dichloromethane and two higher concentrations (1.2 and 1.6 g%) of methanol fractions showed signifi cant relaxant effects compared to that of saline (p<0.05 to p<0.001). In group 2, all concentrations of theophylline, n-hexane and dichloromethane fractions and three concentrations (0.8, 1.2 and 1.6 g%) of methanol and two higher concentrations (1.2 and 1.6 g%) of aqueous fractions showed signifi cant relaxant effects compared to that of saline (p<0.05 to p<0.001). In addition, with group 1, the relaxant effect of all concentrations of all fractions except the n-hexane fraction, were signifi cantly less than those of theophylline (p<0.05 to p<0.001). The n-hexane fraction showed higher relaxant effect than theophylline. The relaxant effect of all concentrations of the n-hexane fraction and the three last concentrations (0.8, 1.2 and 1.6 g%) of dichloromethane and aqueous fractions were signifi cantly greater in group 2 than in group 1 (p<0.05 to p<0.001). There were signifi cant positive correlations between the relaxant effects and concentrations for theophylline and all fractions (except aqueous fraction in group 1) in both groups, but a negative correlation for the aqueous fraction in group 1 (p<0.05 to p<0.001). These results showed a potent relaxant effect for n-hexane and weaker relaxant effect for other fractions from Tymus vulgaris on tracheal chains of guinea pigs.
INTRODUCTION
The main active constituents of Tymus vulgaris L include: terpenes, phenols, thymol, carvacrol, terpenoids, glycosides of phenolic monoterpenoids, eugenol and aliphatic alcohols, flavonoids such as thymonin, cirsilineol and 8-methoxycirsilineol, biphenyl compounds of monoterpenoid origin, caffeic and rosmarinic acids and saponins (ESCOP, 1997) . Other constituents include tannins, labiatic acid, ursolic acid, and oleanolic acid. Thyme also contains apigenin, luteolin, and 6-hydroxyluteolin glycosides, as well as di-, tri-, and tetramethoxylated fl avones (Mossa, 1987) .
Essential oils extracted from fresh leaves and fl owers can be used as aroma additives in food, pharmaceuticals, and cosmetics (Simon et al., 1999; Javanmardi et al., 2002; Senatore, 1996) . Traditionally, thyme possesses various benefi cial effects, e.g., antiseptic, carminative, antimicrobial, and antioxidative properties (Baranauskiene et al., 2003) . Thyme extract has been used orally to treat dyspepsia and other gastrointestinal disturbances; coughs due to colds, bronchitis and pertussis, laryngitis and tonsillitis (as a gargle). Topical applications of thyme extract have been used in the treatment of minor wounds, the common cold, disorders of the oral cavity and as an antibacterial agent in oral hygiene. Both essential oil and thymol are ingredients of a number of proprietary drugs including antiseptic and healing ointments, syrups for the treatment of respiratory disorders and preparations for inhalation (Mossa, 1987) . It has also been used to improve digestion (ESCOP, 1997) and to treat pertussis, stomatitis, and halitosis (Stecher, 1968) .
Previous studies have shown different pharmacological effect for this plant. In vitro studies have shown that both thyme essential oil and thymol have antifungal activity against a number of fungi including Cryptococcus neoformans, Aspergillus, Saprolegnia, and Zygorhynchus species (Vollon and Chaumont, 1994; Perrucci et al., 1995; Pasteur N et al., 1995; Tantaouielaraki and Errifi, 1994) . Both essential oil and thymol have antibacterial activity against Salmonella typhimurium, Staphylococcus aureus, Escherichia coli and a number of other bacterial species (Janssen et al., 1987; Juven et al., 1994) . As an antibiotic, thymol is 25 times more effective than phenol, but less toxic (Czygan, 1989) . The relaxant effect of this plant on tracheal and ileal smooth muscle has been shown (Meister et al., 1999; Boskabady et al., 2006; Babaei et al., 2008) . The relaxant effect of other plants of this family on tracheal and ileal smooth muscle of guinea pigs has also been reported previously (Reiter and Brandt, 1985) .
Therefore, in the present study, the relaxant effects of n-hexane, dichloromethane, methanol and aqueous fractions of T. vulgaris on tracheal chains of guinea pigs were examined. These fractions are different ingredients of the plant that have not been characterized in terms of composition.
MATERIALS AND METHODS

Plant and fractions
T. vulgaris was collected from the Tabas mountains (centre east region of Iran) and identifi ed by botanists at Ferdowsi University in the city of Mashhad. A voucher specimen was preserved in the Herbarium of the School of Agriculture, Ferdowsi University (Herbarium No: 153-2613-2) . Four fractions were prepared as follows ( Fig. 1 ): 300 ml n-hexane was added to two hundred grams of chopped, dried seeds and the solution was kept at room temperature for 48 hours. The solution was then separated by maceration and dried by a rotary evaporator at 50ºC under reduced pressure. The same as above, dichloromethane, methanol and distilled water were respectively added to the remaining powder and extractions were carried out by maceration at room temperature for 48 hours. Finally, four different fractions including n-hexane, dichloromethane, methanol and water extracts were obtained. The 40 g% solutions were prepared for all fractions by adding distilled water to dried fractions.
Tissue preparation
Guinea pigs (400-700 g, both sexes) were killed by a blow on the neck and tracheas were removed. Each trachea was cut into 10 rings (each containing 2-3 cartilaginous rings). All the rings were then cut open opposite the trachealis muscle, and sutured together to form a tracheal chain (Holroyde, 1986) . Tissue was then suspended in a 20 ml organ bath (Schuler organ bath type 809, March-Hugstetten, Germany) containing KrebsHenseliet solution of the following composition (mM): NaCl 120, NaHCO 3 25, MgSO 4 0.5, KH 2 PO 4 1.2, KCl 4.72, CaCl 2 2.5 and dextrose 11.
The Krebs solution was maintained at 37 o C and gassed with 95% O 2 and 5% CO 2 . Tissue was suspended under an isotonic tension of 1 g and allowed to equilibrate for at least 1 h while it was washed with Krebs solution every 15 min.
Protocols
We examined the relaxant effects of four cumulative concentrations (0.4, 0.8, 1.2 and 1.6 g%) of n-hexane, dichloromethane, methanol and aqueous fractions of T. vulgaris and theophylline anhydrous (Sigma Chemical Ltd, UK) (0.2, 0.4, 0.6 and 0.8 mM) as positive control, and saline (1 ml) as negative control. To produce the fi rst concentration of each fraction, 0.2 ml of 40 g% was added to a 20 ml organ bath and for other three concentrations; 0.2 ml of 40 g% was added to the organ bath respectively three times. For theophylline, 0.2 ml of 20 mM concentrated solution was added to the organ bath 4 times. The consecutive volumes were added to the organ bath at fi ve minutes intervals.
In each experiment, the effect of four cumulative concentrations from each fraction, theophylline or saline on contracted tracheal smooth muscle was measured after exposing tissue to each concentration of the solution for 5 min. An increase in the length of tracheal chain was considered to be a relaxant (bronchodilatory) effect and expressed as a positive percentage change in proportion to the maximum contraction. A decrease in length of tracheal chain was considered as a contractile (bronchoconstrictory) effect, which was expressed as a negative percentage change (Holroyde, 1986) .
The relaxant effect of different solutions was tested with two different experimental designs, (n= 7 for each group) as follows: 1. On tracheal chains contracted by 60 mM KCl (group 1 experiment). 2. On tracheal chains contracted by 10 µM methacholine hydrochloride (Sigma Chemical Ltd, UK), (group 2 experiment). The relaxant effects in two groups of experiments were examined in two different series of tracheal chains. All of the experiments were performed randomly with a 1 h resting period for tracheal chains between each two experiments while washing the tissues every 15 min with Krebs solution.
In all experiments, responses were amplifi ed with an amplifi er (ML/118 quadribridge amp, March-Hugstetten, Germany) and recorded on power lab (ML-750, 4 channel recorder, MarchHugstetten, Germany).
Statistical analysis
All data were expressed as mean±SEM. Data of relaxant effects of different concentrations of each fraction were compared to the results of negative and positive controls using paired t-test. The data of relaxant effects obtained in two groups of experiments were compared using the unpaired t-test. The relaxant effects of different concentrations of four different fractions were compared to each other using ANOVA. The relaxant effect of different concentrations of four fractions and theophylline were related to their concentrations using least square regression. Significance was accepted at p<0.05.
RESULTS
Relaxant (bronchodilatory) effect
In group 1 experiments, all concentrations of theophylline and n-hexane fraction, three last concentrations (0.8, 1.2 and 1.6 g%) of dichloromethane and two higher concentrations (1.2 and 1.6 g%) of methanol fractions showed signifi cant relaxant effects compared to that of saline (p<0.05 to p<0.001). However, all concentrations of aqueous fraction showed contractile effects compared to that of saline in this group which was statistically signifi cant for three last concentrations (0.8, 1.2 and 1.6 g%), (p<0.05), (Fig. 2) .
In group 2 experiments, all concentrations of theophylline and n-hexane and dichloromethane fractions, three last concentrations (0.8, 1.2 and 1.6 g%) of methanol fraction and two higher concentrations of aqueous fraction (1.2 and 1.6 g%) showed signifi cant relaxant effects compared to that of saline (p<0.05 to p<0.001), (Fig. 3) .
Comparison of the relaxant effect of theophylline with different fractions
In both groups 1 and 2, the relaxant effect of all concentrations of dichloromethane, methanol and aqueous fractions were significantly less than those of theophylline (p<0.05 to p<0.001). The relaxant effect of n-hexane fraction was significantly higher than that of theophylline in group 2 (p<0.01 to p<0.05), (Fig. 2 and 3 ). 
Comparison of the relaxant effect of different fractions
In both groups, the relaxant effects of all concentrations of the n-hexan fraction were signifi cantly greater than those of others (p<0.01 to p<0.001). In addition, the relaxant effects of all concentrations of aqueous fractions were signifi cantly lower than those of other fractions in both groups (p<0.05 to p<0.001).
Comparison of the relaxant effect between two groups of experiments
The relaxant effect of all concentrations of the n-hexane fraction and the three last concentrations (0.8, 1.2 and 1.6 g%) of dichloromethane and aqueous fractions were signifi cantly greater in group 2 than in group 1 experiments (p<0.01 to p<0.001). However, there was no signifi cant difference in the relaxant effect of different concentrations of the theophylline and methanol fraction between two groups (Fig. 4) .
Correlation between concentrations of solutions and their relaxant effect
There were significant positive correlations between the relaxant effects and concentrations for theophylline and all fractions (except aqueous fraction in group 1) in both groups (p<0.05 to p<0.001). However, the correlation between the relaxant effects and concentrations for aqueous fraction in group 1 was not signifi cant (Table 1) .
DISCUSSION
In this study, the relaxant effects of four different fractions of T. vulgaris in comparison to saline as negative control and theophylline as positive control were studied. In group 1 experiment (contracted tracheal chains by KCl), all fractions (except aqueous fraction) and theophylline showed relaxant effect on tracheal smooth muscle. The relaxant effects of dichloromethane and methanol fractions were signifi cantly less than that of theophylline. However almost, all fractions of T. vulgaris showed relatively potent relaxant effects compared with the effect of saline. In group 2 experiments, the relaxant effects of dichloromethane, methanol and aqueous fractions were significantly lower than that of theophylline but n-hexane fraction showed a relaxant effect higher than that of theophylline. Theophylline is a non-specifi c relaxant drug for airways with different possible mechanisms including inhibition of phosphodiesterase to increase intracellular cAMP levels (Rabe et al. 1995) and nonselective adenosine receptor antagonist effect (Daly et al. 1987) . Therefore, it was used as a positive control in the present study. There were positive correlations between concentrations and the relaxant effects of all fractions in both groups of experiments. The contractions obtained by 10 µM MC and 60 mM KCl were 70% of maximum contraction by the corresponding substance. Therefore, the comparison of the relaxant effects of different solutions in precontracted tracheal muscle by two substances is valid. The results of this study confi rmed those of Meister et al. (1999) , Boskabady et al. (2006) , Babaei et al. (2008) and Reiter and Brandt (1985) indicating relaxant effect of this plant on tracheal and ileal smooth muscles. In our previous study, the relaxant effect of macerated and aqueous (Soxhlet extracted) extracts of the plant was studied (Boskabady et al. 2006 ). However, the present work studied the effect of four different fractions of the plant that were different in composition. The results of the present study showed that n-hexane is the main fraction of the plant responsible for the relaxant effect of the plant and aqueous fraction showed the least relaxant effect. Therefore, the results showed that mainly lipid soluble ingredients of the plant are responsible for its relaxant effect.
The spasmolytic and antitussive activity of thyme has been most often attributed to its constituents: thymol and carvacrol, which make up a large percentage of the volatile oil (Meister et al., 1999) . Although these compounds have been shown to prevent contractions induced in the ileum and the trachea of the guinea pig, by histamine, acetylcholine and other reagents, the concentration of phenolics in aqueous preparations of the drug is insuffi cient to account for this activity (Van Den Broucke, 1980; Van Den Broucke and Lemli, 1981) . Our previous study (Boskabady and Jandaghi, 2003) showed a potent effect for carvacol, which is one of the constituents of T. vulgaris. Therefore, the carvacol content of the plant may be responsible for its relaxant effect on tracheal chains. Experimental evidence also suggests that the in vitro spasmolytic activity of thyme preparations is due to the presence of polymethoxy flavones (Van Den Broucke and Lemli, 1983) . In vitro studies have shown that flavones and thyme extracts inhibit responses to agonists of specific receptors such as acetylcholine, histamine and L-norepinephrine, as well as agents whose actions do not require specific receptors, such as barium chloride. The fl avones of thyme were found to act as noncompetitive and non-specifi c antagonists. They were also shown to be Ca 2 -antagonists and musculotropic agents that act directly on smooth muscle (Van Den Broucke and Lemli, 1983) .
The relaxant effect of the plant is not due to its main constituent, thymol because another study we conducted failed to show any relaxant effect for thymol on tracheal chains of guinea pig (Boskabady et al., 1998) .
Methacholine caused contraction by stimulating muscarinic receptors. However, KCl causes depolarisation of the muscle fi bbers leading to increase of sarcopelasmic calcium concentration and contraction. Therefore, the results of the present study may indicate that the relaxant effect of different fractions from T. vulgaris on tracheal chains of guinea pigs might be produced due to their inhibitory effect on muscarinic receptors because, the relaxant effect on methacholine induced contraction was greater than KCl induced contraction. In addition, the relaxant effect of muscarinic receptors has been documented previously (Leonards et al., 1992) . However, due to the existence of relaxant effect of relaxant effect of n-hexane, dichloromethane and methanol fraction on KCl induced contraction of tracheal muscle (group 1); these fractions may have inhibitory effect on calcium channels and/ or opening effect on potassium channels. In fact, the relaxant effect of potassium channels openers (Buckle et al., 1993; Perez-Guerrero et al., 1997) and calcium channel blockers (Miyahara et al., 1993; McCaig and DeJonckeere, 1993) has been shown. In addition, it is well known that KCl can affect calcium channels. However, with regard to the potent relaxant effect of β-adrenergic receptors (Lronards et al., 1992; Buckle et al., 1993) , stimulator effect of fractions of the plant on β 2 -adrenoceptors could not be excluded by the results of this study. Therefore, more studies are required to reveal the different therapeutic effects, effective substance(s), and extract mechanism(s) of relaxant effect of T. vulgaris.
A secretomotoric activity has also been suggested for thyme oil, which has been associated with a saponin extract from T. vulgaris (Vollmer, 1932) . Stimulation of ciliary movements in the pharynx mucosa of frogs treated with diluted solutions of thyme oil, thymol or carvacrol has also been reported (Freytag, 1933) . Furthermore, an increase in mucus secretion of the bronchi after treatment with thyme extracts has been observed (Schilf, 1932) . Muller-Limmroth and Frohlich (1980) have suggested a protective effect on mucous layers in the hypopharynx and spasmolytic, secretolytic and bactericide effects. In contrast, Lemiere et al (1996) have reported the occupational asthma due to the exposure of subjects to thyme. The antioxidant effects of this plant have been also shown. Therefore, this plant may have theraputic effect on respiatory diseases (Haraguchi et al., 1996) . It was also shown that the thyme extract may help in the treatment of diseases related to endothelin hyper-reagibility of the bronchus system, such as asthma and COPD (chronic obstructive pulmonary disease), but thymol is not involved in this effect (Engelbertz et al., 2008) .
In the present study, 4 concentrations of each fractions and positive control (theophylline) were used to evaluate the concentration dependency of the relaxant effect of each solution. A complete dose-response curve, achievement of Emax and measurement of EC 50 values were only valid for a pure substance that affects a certain receptor. For an unknown solution such as fractions used in the present study the examination of the effect of few concentrations is valid. In fact, in further studies the pure effective substance of each fraction needs to be identifi ed and its complete dose-response curve, Emax and EC 50 should be measured. The aim of the present study was to evaluate the relaxant effect of different fractions of T. vulgaris. However, the exact mechanism(s) of the relaxant effects of different fractions and their effective substances such as the effect of different fractions on calcium channels should be examined in further studies.
As is made clear in the Method section (Plant and fractions), all fractions were dried (the solvents were removed). Therefore, the effects of the vehicles n-hexane, dichloromethane and methanol were not contributed in the observed relaxant effects.
Nonploar substances, lipids and essential oil are extracted in n-hexane fraction, polar terfenadines is extracted in dichlormethan fraction, glycosides and saponins are extracted in methanol fraction and carbohydrates and solutes are extracted in aqueous fraction. Considering the best effect of volatile oil-containing n-hexane fraction, the observed relaxant activity may be attributed to mainly the non-polar constituents of the plant such as carvacrol and thymol. In fact, the relatively potent relaxant effect of carvacrol on tracheal chains was observed in our previous study, which supports the fi ndings of the present study (Boskabady and Jandaghi, 2003) . However, the relaxant effects of other fractions, especially dichlormethan and methanol fractions indicated that other ingredients of the plant also contributed to its relaxant effect on tracheal smooth muscle.
In conclusion, the results of this study indicate a potent relaxant effect for n-hexane and weaker relaxant effect for other fractions from T. vulgaris on tracheal chains of guinea pigs. The weakest relaxant effect was seen for aquous fractions.
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